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THERIAL DECOIMPOSITION OF EXFLOSIVES BELOW THE MELTIKG FOINT

fhis is a trensletion of an article written by G. B, lanelis
and F, I, Dobovitskiy in Dokledy Akamdemii Nauk SSSR (Reports of the
headenmy of Sciences USSR), Vol XXVI, No. 4, 1959, 7

(Presented acedemician V. N, Kondrat!yev, 16 Januery 1$59.)

Toon investigatioi of the therrmel decomvosition of tetryl below
the meltine point Farmer™ showed that the condensed prodvets of the
decommosition reaction of tetryl dissolve it, Then Hinshelwood™ dev=
eloped & rathemetioanl annlysis for & decorposition reaction teking
into account the eprearence of a liquid phase in the process of de-
composition., However, in derivins the ecustion, Hinshélwood made
essumptions which mutuelly excluded one another, Thus, celculsting
the ratio of the solid axd the liquid phasec in the decomposgition pros’
cess, he assumed (accordine to Raoult's law) thet at corstant tempere=
ture the concentreticns of materiel in the liquid phase, beins in
equilibrium with the solid phase, eare constant, 4lso, calculeting the
concentretion of catalyst in the liquid phase, Hinshelwood assumed it
to be proportionsl to the derree of transformetion,

Considerebly later Bavm® examined decampositions of orgenic exe=
plosives with "melting under the melting point in the process of the
reacticn” in the simplest case of two monomoleculer reactions. .

In the present work various csses of decomposition of solid ex=
plosives talins into account the apnpeersnce of a liquid phase are con-
sidered, In the following it has been essumed in every instance thet
the orizinel explosive dissolves in the reacticn products and that the
thermodynemic equilibrium between the so0lid and the ligquid phases is
successfully esteblished, Consequently, the retio of concentretion of
the oririnal substance CBL to the produeots of the reaction QAL in the

liquid phase & = Cy = By /[AL is e constant value at a constent

L /CAL
terversture and is not derendent on the degree of treansformation up to
the moment of disaprearance of the solid phase.

The degree of transformetion ¥ is equal to

Under the condition that the density of the resction products
is little different from the density of the oripinsl substance one cen
write £, = B, (1 -w), where [ = Yinitial ~ final

v initial
(the decres of chanre in volume et comnlete decomposition); By = inite

ial cuentity of explosive; A, = the total quantity of condensed reecte=
ion productss The cuantity § in the solid phmse is Bg = B = By,
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Up to the moment of camplete solution A = B, (L ap)m
By =By a(l=n)%s By =B (1=%) -3, 8 "")_’7
If in the solid and the liquid pheses the decompositicn reection -
proceeds aocording to & first order emation then the overall rete is
4afined by the followins expression :

— dB ' 1 LL s k CB-mv'rB ‘,“' szBMUm - kxsﬂl :" klgm’

dat T dr
, ere the volumes of the solid VA T87 and the liquid phases

w7, respect:velj.
The dependence of the rats on the degree of trarsformation is
given by the expression

d
sk () — ) — Rk (1 — ) g+ ke (1 — p) g =

where v ané v

| uk.—s«ta(xw)(kg—-k,)——klm-

Defining a{l =p ) (kz - kl) -k

dv, .
1 bud km’ we obimin == Ry - Ry -

ul

At (1l -p) (k2 - k‘l) >k, end kz > k:1 the oversll reaction rete

will incresse proportionally to the degree of transformation up to the
moment of comnlete solution of the Gri;rine.l subgtenceé in the resotion
products. After the moment of complete solution the reaction will pro~
ceed sccording o the ordinary first ordsr equation :

T k(1 — ).
The solid phass dlsappears when the degres of transformetion is 1‘
1

B =0= By (I —7)—Ba(l —0) %, ' =m—ysi-
At this moment k. + % 741 =k, (1 a"il).
1 m 2 k;+km

Beuation (le) upon integretion gives #m! =In =
- l :
‘Kinetic curves calculated aceording to equeticn (3) have e
cleerly sxpressed § = shaped form (&t the value a{l - p) (kz - kl)>kl).

The curve for the dependence of the ra‘te on the degree of trense
formation possesses & characteristic appearance when calculated accords
ine to equatlcn (1) and to the classicel equaticn of a first order re-
ection (Fig, 1.)
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Fig, 1, Uependence of resction rate on the
degree of transformation cslculsted accords
ins to equation (1), when k; = 1, k,.= 100,

# 20,8 Parareter & squals 2C for I, 10 for
17, and 5 for I1I., The straight line IV is
drewn according to the equaticn of a first-
order reaction,

Maximam rate is attained in this case at the point of complete
solubtion, when% =7 l.,

In & étge in whioch the condensed decomposition products can act
as catelysts, the expression for the overall rate of resction must be
written as follows: :

L i SRR SR .3

== leBm Ure + kzcﬁmvm"i" kscﬁmCAmU)x =

o le-"g "L" sz)ﬁ + ksB”‘CA)K:

C, = the coucertration of catalyst in the liquid phass; CAL =alfv ;

4
“
i 3

=)
%~ fraction of cetelyst in the condensed reaction productss
P , : . a
o Bu A A(N b a), Cay= i
Thus, the rate of reaction up to the moment of complete solution
in the cese of catelysis by the condensed end products is defined by

the expression.

dv, , Y T ‘
@ b [k - ¢ PR ke k]
ka(l—p) - BEZVE gl )k, - K,

131‘1 - cuentity, dependent only on the temperature and constent in the

decamposition process when + I const, Consequently, even in the case
of cetalysis by the condensed end products one obteins an expression
anelogovs to eguation (1) for & reaction proceeding sccording to the
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first order law:
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fize 2, Dependence of reacticn rate on the desres’
of trensformetion celeulated according to equation

(4}, when ky = 1; k, = 20, ka2 10C,* T 0,9, Fard=
meter & is equal to 20 for I, § for II, 2 for III,

end 1 for V. Curve V is drewn sccording to ecquaw

tion (5) for the reaction iu the liguid phase,
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Fire 3. Dependence of rsaction rate on the derree
of transformation calculsted mccordinm to equation
(6), vhen ¥, = 1, k, = 100,+ 3°0,9, & =10, Retio
T/ B, for the straizht lines I, II, III, and IV is
el tc 0, O.0l, 0,025, and 0,050, respectively,
The straisht line V is drawn according to the equa-

ticn for o first order reaction.




. BEquation (4a) dirfers from {ia) only in the valus of K.
"1 After the moment of complete solution, which ocours when
> = 1 , the process of decomposition obeys the equetion
a(l-n)+d
ocbteined earlier ¢ for the case of autocstalyzed decomposition of
liquid explosives under conditions in which the volume of the condensed
phase is varieble: ' .

dn N1 3 (4 -~
B = k(1 — )+ ka1 —p) HE0

The dependence of reaction rete on the degree of transformation
cslculated sccording to equations (4) and (5) is represented in Fige 24
1+ is evident from the dimgram that the meximm reaction rette can lie
at the point of cemplets sclution of the original substenrce or later as
the resction procseds even in ebsence of the solid phese, :

It is very interesting to note the inflvense of impurities, even
chemically inert, which can increese the rate of decomposition of the’
explosive by trensforming pert of it into the liquid phese (in e o&se,
in which the eutectic temperature of the system originel explosive =
inert impurity lies below the experimental temperature ). 1he rate of.
decomposition even in this case will be eaual to the sum of the rates
in the soclid end in the liquid phsses (in the s0lid and in the liquid
phase monomcleculer reactions take plece) ‘

W = b Ca U - keCoyOx = kiBrs + kaBas |
T - inert impurity; -
L‘xr—:A*er':?'To A= By(l ""P‘)"ﬂ

By = Bo(l — )@y, + Ta, Bra = By— Byt — Bo(l —p)ar—Ta,}
where & = BL (solubliity of substance E in T and in mixtures
AeT

A e T is constont)e ’

The resction rete £s & function of the degree of trensformation

can be written in the followirz mannsr: :
Ay k) 0 - (] —pya (R — R — Bl %
dt 0 . - i

: Thus, even in this case the decomposition rate 18 directly pro=

portional to the degree of transformation up to the moment of complete

solution, after which it fells &ccorcding to the first order law, but

the initiel rete is directly proportional to the quentity of impurities

or admixturss and the solubility of the original explesive in it

(Fize 3a)e ,

In 8 case in which the solubilities of the explosive in the inert
jmpurity and in the rescticn products are different one cen easily ob-
tain e suitable relatiomship for the solubility from the composition of
the system and use it when deriving equation (6).

At the point of complete sclution of the originel substence in
the resction products the solid phase disaprears and the law for the ree




action process chengess It is known that for an ideal system

' AMTpe—T)

| hlA[. RE.T "

vhere N = mole frection of the dissolved substsnoes A - heet of
fusiong TF me lting pomnt‘lr .J7 temperatures T - experimental teme
perature,  Comsequently, on besis of aquetion (2) the degres of transe
form&tzon, at which the complete solution takes place, is decreased by
increasing the ‘temperature mccordins to the follawing law

. ( )»(Trm—-T))
r . i—-N __ 1“exp - RTI‘N!T
TAIWN T A (T —T)
t = e (= g

Thus, essuning the esteblishment of thermodynemic equilibrium
between the solid and thé liquid phases in the decomposing explosive =
reaction products system, we were successful in obtsining equations
fundementelly describing the phenomena observed in the thermel decome
position of explosives at & temperature below the melting point,

It is necessary to bear in mind that in real systems one can
cbserve more comnlex cases linked with the complex mechanism of ‘the
chemical reaction of decamposition., However, it is always necessery
to examine possibilities of orogressive solution of the original
explosive in the reaction products with e cOfresoondlnw chensge in laws
of kinetics for ths reaction process,
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